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: Nociception IS not necessarily pain
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Role of nociception
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Pain Pathways

I ¢ Descartes (1596-1650)

had a good summary:

¢ But it is a little more
complex than this




What are the pain sensors?
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% 2 Specialized peripheral
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¢ Temperature > 40 Celcius

Neuronal
Membrane

¢ Temperature < 15 Celcius
¢ Pressure

2 Chemical sensors

¢ Narrow dynamic range
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Peripheral Sensitisation

(‘ sustance ¢ Due to inflammatory
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Nociception

* Mechanical, thermal or
AcH, ATP, PGE2, other stimulus
Glutamate, Adenosine, ,
Bradykinin
Histamine, Serotonin,
—

Noradrenaline, H+, K+
Cytokines (IL1, IL6, TNF)

Transducer channels - NAv 1.7-1.9
H+/K+ Sensing ion channels
TRP(Vanilloid), TrkA (neurotrophin)




Fibres Ao

ISl | ow & High

: . Thermal
Stimulii Mechanical
Conduction

10-30 m/s

‘ Diameter 2-5 Um
I Velocity

High

Thermal
Mechanical
Chemical

0.5-2 um
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Pathological

Mechanical
Light Touch

5-10 um

30-60 m/s

Conduction of signals

Nociception #
Pain

A0 - Fast Pain
C - Slow pain



Spinal pathways.
This all looks rather complex

Motor and descending (efferent) Sensory and ascending
pathways (red) | M (afferent) pathways
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AO Fibres
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Dorsal Root Sense:

Ganglion

Fast Conducting




C Fibres

e

Dorsal Root S e n S e :

Ganglion

C Fibres

Slow conducting




o
What happens in the lamina?

Ketocyclazocine Serotonin

Baclofen  Opioids CIoniine

Transmission
across synapse

Morphine Opioids

Ketamine
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'
Adn ) N adn ). The most important
s Baclofen t T lut "
Midazolsm ransmitter is glutamate




Transmission to Brain

Dorsal Root
Ganglion

Dorsal \\\\ Second order

Horn Neurons
Spinal \\

Cord

Lateral Spinothalamic tract

Lateral t
Spnothalamic Tract L

Anterior
Spnothalamic Tract

Anterior Spinothalamic tract




Signalling of pain

' Burst mode Is

signal detector

Tonic Is feature
detector

Cortical Cell

Burst has a non-
linear response

Thalamic
Relay Cell Sherman 2001




Two Pain Pathways

Kulkarni 2005

Adeltaes |
. C-fibers
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Lateral System (Pain Perception)

WDR neurons
Firing in tonic mode
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Medial Path
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Kulkarni 2005

Medial System (Affective)

Nociceptive neurons
Fire in burst
Lamina |




Somatosensory Cortex

Sensory.
Homonculus
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somatosensory

Parietal Lobe

= Toeth, gums, jaw

Tangue




Emotional Response

¢ Anterior
Cingulate
Gyrus

2 |Insula

temporal fobe




Descending Noxious
Inhibitory Controls

2 Neurons In the dorsal horn are wide
dynamic range

-

¢ Reduced DNIC Is associated with various
pain conditions



DNIC
Dampens the signals

| ¢ Periaquaductal Grey

Matter regulates this
downward signalling

-

¢ Mediators include

-
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< In pain, the placebo eriect Isn't a placebo
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S From latin | shall harm
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Overview of pain pathways

Descending
Anti-nociceptive
Noise-canceling
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Paln Pharmacology




Acute Pain Management




pped approach

< Paracetamol
 Non steroidal anti inflammatory drugs
. Oplates

S Miidimacdeiiapenaatel; s BupRrenerpnin

S Fydremerpheneiviorpnines Eentanyi;
OXycouone; Femnidine

¢ Agjuncts




4g/day), oral or IV

ElligreeclimItSTENENIGISEVERE Pain

SiGiandrantpyreuc




NOAID’s and C
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< Celecoxib (orally), Parecoxib (Intravenous)
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Tramadol

. Alypical opiate
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24.0% riorelelarpiefe]le
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. Very userul In acute pain
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Nerve blockade

2 Central
Neuraxial

s Epidural
s Spinal




Nerve Blockade

¢ Major nerve
blocks

$'SeIatic

s Eemoral

¢ Plexus
$ Brachial

s Lumbar




Local Infiltration

¢ Direct to
tissues

¢ Peripheral
nerve blocks



Neuropathic Pain
Sensitisation

Hyperalgesia

Allodynia
Hyperpathia



N INjury or aisease
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< Increased sensitivity to pain
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Allodynia

< Can be felt In multiple m
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Central Sensitisation

to thalamus

¢ Amplification of pain
perception despite
normal peripheral

| nociception.

interneuron \-

¢ Central sensitisation Is
assoclated with dorsal
horn in spinal cord.

> ¢ Glutamate is a major

o mediator of this
spinothalamic
tract







alila Overview

: VWhat are Glia”?
ASOCYIES

b lViicrealia

* FIOW dO glia Influence neurons
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Immunology and the br

the Immune syst
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Brain to Immune connec
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- Psycho-immunology (solomon 1960's)
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Taste conditioned
Immunosuppression

TABLE 1. Experimental Treatments

Croup

Day 0

In| Subgroup

Cond tioned
IN= 67)

Nonconditioned
IN=19)

Placeto
N« 10}

334

Psychosomatic Medicine Vol. 37, No. 4 (July-August 1975)
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Implications of
brain to immune signalling

¢ If your brain controls your immune response

¢ Diseases (eg depression)

¢ Drug therapies (eg opiates)




< Neurointflammation Is an extre
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Immune to brain

-

communication

- |ells you when you are SICK.
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Astrocyte Functions

¢ Blood brain barrier

¢ Synaptic regulation
¢ Nutrient supply to neurons
¢ Immune signalling

¢ Calcium waves



Astrocytes

Rhesus monkey

F
L4




Astrocytes

¢ The tripartite synapse

.-

¢ Glutamate take up by
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Descending
Anti-nociceptive
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Neuro-immunopharmacology




Complexity of pain pathways

¢ Over 200 genes expressed with pain
iInvolving multiple pathways

Pt

¢ Many of these genes relate to neuroimmune
activation




Neuronal Transmission

| Pain-projection

fl’Tio'gual | : ¢ Normally requires
\ ongoing function of
astrocytes

-
-

¢ Glutamate Is main
synaptic transmitter

Ad or C fibre |
terminal

'
1Incoming
' noXious




Neuronal Transmission
With Pain

| Pain-projection
\ neuron

< Astrocytes
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¢ Microglia
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¢ Other things with pain:

¢ Presynaptic glutamate, CGRP,
Substance P release

f ,. ¢ Post Synaptically NMDA activation via
+Incoming | ERK

' noxious |
stimuli \




Immune actlivity

. WO SOrts of Immune systems
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< Pain may be Inite

I Glaifacuyvall

PAINFSIALES

¢ Lipopolysaccharides activate glia via |LR4




Allodynia
2-hit hypothesis
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Minocycline blocks this

~
=

Minocycline at the time of laparotomy B Minocycline at the time of lipopolysaccharide : :
mi T | Minocycline

blocks microglial
activation

Y LPS (20ugke)

U
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In experimental animals

Table 1-Pain models associated with upregulation of
spinal cord microglial and/or astrocyte activation markers

Complete Freund's adjuvant, subcutaneous
Formalin, subcutaneous

Phospholipase A2, subcutaneous

Zymosan, subcutaneous

Sciatic nerve injury (chronic constriction injury)
Inferior alveolar and mental nerve transection
Partial sciatic nerve ligation

Sciatic nerve inflammation with zymosan

Sciatic nerve inflammation with HIV-1 gp120
Sciatic nerve inflammation with phospholipase A2
Spinal nerve transection

Spinal nerve root injury

Spinal cord injury

Hind paw incision

Bone cancer

HIV-1 gp120, intrathecal

Lipopolysaccharide, intrathecal

Chronic opioids; opioid withdrawal-induced hyperalgesia

Modified and updated from Ledeboer et al. (2006).

¢ Pretty much every pain
model that produces
allodynia is associated
with glial activation



In experimental animials

Table 2 — Pain facilitation is suppressed or reversed by
inhibition of spinal glial activation or proinflarmmatory

cytokine actions
Model

Mustard oil, topical
Carrageenan, subcutaneous
Complete Freund's
adjuvant, subcutaneous
Formalin, subcutaneous

Phospholipase A2,
subcutansous

Zymosan, subcutaneocus

Hind paw incision

Inferior alveolar and
mental nerve transection

Sciatic nerve injury
{(chronic constriction injury)

Sciatic nerve inflaimmartion
with zymosan

Sciatic nerve inflaimmation
with phospholipase A2

Sciartic nerve
tetanic stimu lation

Spinal nerve rransection

Spinal nerve root injury
Spinal cord injury
HIV-1 gp120, intrathecal

Lipopolysaccharide,
intrathecal

Dynorphin, intrathecal

Fractalkine, intrathecal

Intervention

Fluorocitrate
Minocycline, IL-1 knockout
IL-1ra, TL-1 knockout

Fluorocitrate, IL-1ra, minocycline;
IL-1 knockout
Fluorocitrate, IL-1ra, sTNFR

Fluorocitrate
Fluorocitrate
Minocycline

IL-1ra, IL-10; IL-1 knockout

Fluorocitrate, minocycline IL-1ra,
sTNFR, IL-6 antibody
IL-1ra, antu-IL-6, IL-10

Fluorocitrate

Propentofylline, minocycline,
IL-1ra, sTINFR, anti-IL-6,
Methotrexate; 11.-1 knockout
IL-10, IL-1ra, minocycline
Fluorocitrate, IL-1ra, sTNFR,
minocycline

IL-1ra

IL-1ra, IL-10
Minocycline, IL-1ra, anti-I1.-6

Abbreviations: IL-1ra, interleukin-i receptor antagonist; sTNFR,
soluble TNF receptor; IL-10, interleukin-10.
Modified and updated from Ledeboer et al. (2006). For complete

references, see Clark et al.

(2006), Hains and Waxman (2006),

Honore et al. (2006a), Ledeboer et al. (2006), Obatla et al (2006), Piao
et al. (2006), Watkins et al. (2005), and Xie et al. (2007Db).

¢ Pain facilitation is
iInhibited by inhibitors of
spinal glial activation



Neuropathic pain pathway

Pain Neuron

Inflammatory o .
ZD& mediators Act;tmn signal
Pre synaptic

modulation

PAIN \







< lolerance
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¢ Don't work well Tor chronic pain.

¢ but why'?




Knockout mice

Waxman et al 2009 Triple knockout
-0~ Sole mice
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Compare with normals

Juni et al 2007 ‘Similar with

A oxymorphone in
14 " knockout mice
12 (KO)

But the endpoint
after a few days is
A A identical in wild
mice
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< Oploids antagonise theilr own actions

: Initial response IS still analgesia

upsequent response IS alloaynia




Blocking IL1 restores

analgesia

Morphine Morphine
antagonises its
own action

The mechanism
for antagonism
Isn’t via opiate
BLO 50 100 150 200 250 receptors
Timecourse (minutes post injection)

Hargreaves Tailflick
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-
o
=
w
9
Q
»
0
0
o
£
S
E
X
©
=
x

Hutchinson et al 2008



Its not just morphine and IL-1
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% Maximum Possible Effect

I

Hargreaves Tailflick

2
" n g
AR T
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Morphine

Hargreaves Tailflick

8L 0 50 100 150 200

Timecourse (minutes post injection)

Subcutaneous Morphine

O

% Maximum Possible Effect

1004
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-
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150
Timecourse (minutes post injection)
100~ , Morphine
ol 4

IL-6 Neutralizing
antibody -,

% Maximum Possible Effect
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g _°
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8L 0 100 150 200
Timecourse (minutes post injection)

Hutchinson et al 2008




Dual effect

s

At the same time
that opioids are
acting on neurons,
they are acting on
glial cells.

ANALGESIA



But how do opiates do this

¢ Appears to be related to the toll like
receptors

¢ Even more interesting, this can be blocked




Morphine and TLR-4

Morphine binds
the same site as
LPS in the MD2
accessory protein
b |[to TLR-4




shronic Pain Mlanagement

reatment strategy
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Pharmacological I herapies
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. Amitriptyline, Nortriptyline
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Tramadol

- Combinea [, serot and Nor adrenergic

S Eliec galnsttacuierandichnienic
¢ Low addition potential

S common (esp N+V, sweating)

)




Tapendatol

- |apenaatol (J agonist ai
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Viu (u, MOR) agonists

- All have very little benetit In chronic pain
2 AlMOST NG benerit versus
: Signiticant problems
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Opioids

Tramaaol

Gabapentinoids

venlaraxime
Duloxitine

Paracetamol

Condition
Neuropathic Pain

Neuropathic Pain
Post surgical Pain

Neuropathic Pain

Central Neuropathic pain
Diabetic Neuropathy
Post Herpetic Neuralgia
Fibromyalgia

Neuropathic Pain

Chronic Arthritic Pain

8.3

6 (Mminor)
28 (major)

3.7

9.6 (minor)
16.2 (major)

12 (Gl s/e)
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